Introduction
Right bundle branch block (RBBB) in children is usually acquired following cardiac operations. Other causes include congenital heart defects (e.g. primum atrial septal defect (ASD), Ebstein's anomaly) [1] [2] [3] . It can be a permanent disorder, usually after cardiac procedures, or it may have a transient character (tRBBB). Transient right bundle branch block is very rare in children and can occur for example as a response to blunt chest trauma [4] .
We report 2 cases of complete transient RBBB that were associated with right heart catheterizations, one after pulmonary balloon valvuloplasty and the second one during the Rashkind procedure.
Case reports Case 1
A 6-month-old boy with pulmonary valve stenosis (PS) was treated with balloon valvuloplasty. The treatment managed to decrease the invasive peak systolic pressure gradient between the right ventricle (RV) and pulmonary artery (PA) from 55 mm Hg to 16 mm Hg. No complications were observed during or after the procedure. Routine ECG performed before the treatment showed normal sinus rhythm, narrow QRS complexes, and right heart axis. Follow up 12-lead ECG performed 24 h after the procedure showed sinus rhythm, 125/ min, the QRS prolongation to 100 ms, with typical RBBB morphology, allowing us to diagnose complete RBBB (Figures 1 A, B) . 24-hour Holter ECG monitoring was performed, showing sinus rhythm, average HR 130/min and no arrhythmia. The patient was in an excellent clinical condition, showing no signs of distress or heart failure, with a heart rate of 100-150/min. No treatment was administered. In the 12-lead ECG performed 72 h after the procedure (Figures 1C, D) the RBBB had resolved. At 3-month follow-up there was no recurrence of the RBBB in the ECG.
Case 2
A 4-day-old male newborn diagnosed with a complex transposition of the great arteries (d-TGA), ventricular septal defect (VSD) and pulmonary artery stenosis underwent the Rashkind procedure due to the restrictive flow through the interatrial septum. The patient was in a severe general condition before the procedure, with blood oxygenation around 70-75% and significant dyspnea. His ECG showed normal sinus rhythm and narrow QRS complexes. At the beginning of the procedure during the attempt to forward the catheter through the ASD it was unintentionally placed in the right ventricle, and after that there was an abrupt change in the ECG pattern. We observed widening of the QRS complexes, and there was no change in hemodynamic parameters. Follow-up ECG showed RBBB morphology and QRS prolongation to 100 ms (Figures 2 A, B) . The procedure was successful; ASD was widened to 8 × 5 mm (2.5 mm before the procedure), with unrestricted bidirectional flow. After the procedure there was improvement in the patient's general condition and an increase in blood oxygenation to 85%. In the consecutive ECG examinations there was no change; there was still RBBB morphology with 100 ms QRS duration. On the fifth day after the procedure, because of the persistence of the RBBB we decided to start treatment with i.v. steroids (dexamethasone 0.2 mg/kg). On the second day of treatment ECG showed complete resolution of conduction abnormalities (Figures 2 C,  D) . No conduction abnormalities were observed during 6 months of follow-up. 
Discussion
Data on prevalence of RBBB in children are limited. Japanese investigators performed a study on a pediatric population comprising over 20,000 children, and complete RBBB was found in 0.16% and incomplete RBBB in 2.94% of children [5] . Transient blocks are rarely reported in children. There are reports of transient RBBB following cardiac catheterization for electrophysiological studies [6, 7] and both transient RBBB and complete heart block, after a blunt chest trauma [8, 9] -the latter one showing that damage to the conduction tract can be caused not only by a direct trauma and can be associated with edema of the conductive tissue. The conduction disturbances discussed in the literature lasted from several minutes to 24 h [4, 7] . Some cases of transient RBBB may remain undiagnosed, due to the fact that they may resolve before any follow-up ECG is done.
There are few reports of transient RBBB and complete heart blocks that have occurred after right heart catheterization or central venous catheter placement in adult patients [10] . The incidence of RBBB during right heart catheterization in adults is estimated at 3-12% [10] . There are no case reports of transient RBBB either during or after interventional cardiology procedures in children.
In the first presented case as a reason of the occurrence of transient RBBB we considered distention of the right bundle branch by the balloon during valvuloplasty and/or distention of the whole right ventricle caused by the temporary obstruction of the right ventricle outflow tract. This mechanism could cause the protraction of the conduction tract and result in prolongation of time needed for the impulse to be transmitted. As for the second case, we wonder if the direct injury to the bundle was responsible for the transient block, and the empirical treatment with iv steroids was successful because it limits edema and trauma done to the conduction tract and its surroundings. In both described cases the edema of the tissues surrounding the right bundle branch, as a result of the trauma caused by the balloon or the catheter, during right heart catheterization could play a role, caus- ing slowdown in the conductance of the impulse through the conduction tract. In the literature there are reports of transient complete heart blocks in children which occurred following interventional procedures such as percutaneous pulmonary valve implantation or closure of the ventricular septal defect [11, 12] . The recovery time, from complete heart block to sinus rhythm, in the mentioned cases was 3 weeks to 24 months, and in 1 case the authors decided to use steroid treatment for complete heart block. Some authors suggest an empirical bolus of steroids for complete heart block occurring during cardiac interventional procedures, in order to minimize trauma and edema in the tissues surrounding the bundle [9, 12] . Transient RBBB is usually a benign disorder, but it can be fatal for a patient with preexisting LBBB, because it can lead to a complete heart block and serious hemodynamic consequences [4, 10, 13] .
In the presented cases we show that the possible injury of the conduction tract has to be always kept in mind when performing cardiac or central vein catheterization.
Although transient RBBB is a benign conduction disorder, and can resolve spontaneously within minutes to days, it can cause serious sequelae if occurring in a patient with preexisting conduction disturbances. In case of hemodynamic disturbances or persistence of the RBBB one can consider administration of iv steroids.
